The study was carried out on Lake Rentyńskie (100.8 ha; 9.4 m) situated approximately 20 km to the west of Olsztyn, in the drainage basin of the rivers Giłwa and Pasłęka. The direct catchment area of the lake is 166.2 ha. Forests cover most of the drainage basin area (74%). As revealed in the study, Rentyńskie is a highly eutrophic reservoir. The lake waters were characterized by a high content of nutrients, up to 1.508 mg P dm -3 and 11.7 mg N dm -3
Introduction
Recreational potential forms part of the total potential of the natural environment (Kistowski 1996) and has been defined by Haase (1978) as the ability of nature to satisfy human needs related to leisure activities, renovation of biopsychophyscial forces and aesthetic sensations. The size of the recreational potential for the concerned area is specified in terms of its surface features, forest cover, land mosaic, lake density, quality of atmosphere, and especially the purity of lakes. Recreational potential rises with a higher quality of lake water.
Lakes have better water quality when they are loaded to a small degree by mineral and organic matter from the catchment area, which stimulates the eutrophication process (Jorgensen 2001; Carpenter 2008; Fraterrigo and Downing 2008; Istvánovics 2009; Grochowska et al. 2011) . Water reservoirs which are surrounded by areas with a clear influence of anthropogenic pressure (urbanization, agriculture, supply of rainwater and domestic sewage) are generally characterized by low water quality and high trophic status (Bennet et al. 2001; Malmaeus and Håkanson 2004; Wang et al. 2012; Grochowska et al. 2015) . The consequences of reservoir overloading by mineral and organic matter are phytoplankton blooms and low water transparency, high concentration of nutrients and disturbances in the oxygen systems. Protective actions in the catchment area are undertaken in order to minimize the external loading of a lake and thus slow down the eutrophication process and also improve the recreational value of the reservoir (Jeppesen et al. 2007 ). Gawrońska and Lossow (2003) and Reynolds (2003) point out that the measures in the catchment area are arduous, lengthy and not very spectacular, but they are necessary and in some cases may lead to selfreaction of reservoir and a return to its original state.
. The high fertility of the lake was also evident in the values of chlorophyll a -75.4 µg dm -3 , and low water transparency -average 1 m. The total annual phosphorus and nitrogen load to Lake Rentyńskie, calculated according to Giercuszkiewicz-Bajtlik (1990) . From a comparison between the actual phosphorus load and the values calculated according to Vollenweider it can be concluded that the loads not only exceed the allowable values by several times but also the critical values responsible for advanced eutrophication. The study showed that the River Giłwa, which flows through the reservoir, posed a major threat to the analysed lake . In order to improve the water quality in Lake Rentyńskie drastic protective measures should be taken in the basin of the River Giłwa, which is intensively used for agriculture, and also, at the point where the river enters the lake a special system to reduce the level of phosphorus compound concentrations should be set up.
Key words: trophic state, catchment, nutrients, recreational value Cooke et al. (2005) have provided many solutions for eliminating or reducing external sources of nutrients (protection of lakes). The first and most important protective method is to cut off the flow of sewage into the lake and redirect this flow beyond the catchment area. In addition, leaky septic tanks and other uncontrolled discharges of pollutants should be identified and eliminated. If lakes are surrounded by agricultural areas, it may be necessary to change the land use practices in the catchment and reduce the amount of arable land in favor of grassland.
Lake Rentyńskie is located in an area which is attractive for tourism and recreation. The direct neighborhood of the reservoir is covered by fresh coniferous forests, mixed coniferous forests and dryground forests. Gietrzwałd town with its famous Marian Sanctuary lies at a distance of approximately 1.5 km southwest of the lake. Unfortunately, the lake is a highly eutrophic reservoir which very much limits its economic usefulness.
The objective of paper is to describe the loading of Lake Rentyńskie by nutrients from the direct catchment and the inflow of surface water, in comparison with the acceptable and critical load calculated according to the hydrological model of Vollenweider (1976) and also to offer a practical proposal for the catchment area, which can improve the trophic status of the lake and its recreational value.
Material and methods
Lake Rentyńskie is located approximately 20 km west of Olsztyn, in the Giłwa-Pasłęka drainage basin. The geographic coordinates are 53°46´2˝ N and 20°14´2˝ E. To the north the lake is adjacent to Rentyny village. The lake axis runs from north-west to south-east. The surface area is 100.8 ha and the maximum depth is 9.4 m ( Table 1) . Detailed morphometric parameters are given in Table 1 .
Lake Rentyńskie is a flow-through reservoir. The River Giłwa enters the lake from the south and flows out from the north-western side (Fig. 1) . The analyses of the physico-chemical properties of Lake Rentyńskie water were made in the spring (April), summer (August) and autumn (November) of 2014. Water for analyses was taken from the deepest site in the lake, localized by using a bathymetric chart, GPS and sonar (Fig. 1) . Water samples were taken from 1 m depth under the water surface and 1 m above the bottom. Simultaneously, temperature and DO were measured at every meter of the water column depth with an optical type proODO oxygen sensor (YSI company). Water transparency was measured with a Secchi disc. Water reaction (pH) and electrolytic conductivity were measured using a MultiLine F/ SET-3 WTW probe.
Hydrochemical measurements of the River Giłwa inflow (I) and outflow (II) (Fig. 1) were made from November 2013 to October 2014 in order to determine the external nutrient load to Lake Rentyńskie. Morphometric measurements of the watercourse (depth, width) were taken and water velocity was measured with a VALEPORT (model 801) electromagnetic flowmeter. Momentary flow was calculated using the method by Harlacher (Bajkiewicz-Grabowska and Magnuszewski 2009). Chemical analyses were carried out in accordance with Hermanowicz et al. (1999) .
The surface of Lake Rentyńskie catchment was determined on the basis of a topographic map at a scale of 1:10,000 and field observations in the case of a dubious course of a given water divide. Measurements of the catchment surface were taken with polar (PL-1) and cylinder (KP90N) planimeters (SOKKIA, Japan). Methods and recommendations described by Bajkiewicz-Grabowska and Magnuszewski (2009) were followed when topographic water divides were applied. The calculations of the amount of biogenic substances that are annually brought to the lakes with watercourses or from bank outlets were performed based on their actual concentration in water flows measured on the individual stations during yearly field studies. The partial load for a given day was the product of the volume of water (momentary flow) and the concentration of a given nutrient in water. Biogene loads were calculated with a generally accepted method of time periods. The magnitude of a lake load with nutrients originating from surface flows from the direct catchment was calculated with a method that is recommended and applied by OECD (Vollenweider and Kerekes 1982) ; this method consists of calculating the loads with flow coefficients (Giercuszkiewicz-Bajtlik 1990) which depend on the method of land management, use and the denivelation surface of a given area. The load of biogenes introduced to a given lake with precipitation was determined based on the coefficients of pollution deposition per surface unit (a lake in this case) that is annually published by the Voivodship Inspectorate of Environmental Protection in Olsztyn. In 2014 in the Warmian-Masurian Voivodeship, these values were 0.349 kg P ha -1 yr -1 and 7.080 kg N ha -1 yr -1
. In order to calculate the allowable and dangerous (critical) loadings of phosphorus the hydrological model of Vollenweider (1976) was applied.
The assessment of the lake's trophic status was based on trophic indicators as proposed by Carlson (1977) , and Kratzer and Brezonik (1981) .
Results and discussion
Lakes are dynamic ecosystems that change over time and contribute to the enrichment and intensification of biological productivity. It is a well-known fact (Grochowska et al 2011) that eutrophication runs slower in lakes with lower water dynamics and that they are less vulnerable to human pressure. Lake Rentyńskie is not very deep (9.4 m) but relatively large (100.8 ha). However, to the west, south and partly to the east it is surrounded by a forest that considerably limits access to the water table. Moreover, it is a flowthrough reservoir, although this aspect is less evident. Taking into account the criteria given by Patalas (1960) the lake can be classified as belonging to the 3rd static degree.
Eutrophication of a lake is demonstrated by the concentrations of nutrients, particularly N and P (Conley et al 2009) . Quantities of both elements in the water of Lake Rentyńskie were high, up to 1.51 mg P dm -3 and 11.7 N mg dm -3 (Fig. 2) . Total P was dominated by the organic form with the exception of the peak of the summer stagnation when the dominant P form in the near-bottom water was phosphate (1.12 mg P dm -3 ) (Fig. 2) , the reason being the release of mineral P from the bottom sediments during a heavy oxygen deficit. The overall amount of nitrogen compounds in the lake was dominated by the organic form. Mineral N occurred in the lake waters constantly and in high concentrations (Fig. 2) . Mineral forms of N were dominated by ammonium and nitrate. On one hand, the mineral forms of N present in the water throughout the whole vegetative period indicate the abundance of N but on the other hand -the intensive mineralization and nitrification of the water.
One of the indicators of excessive water fertility is low water transparency. Water transparency in Lake Rentyńskie ranged from 0.50 to 1.50 m (Fig. 3) and oscillated during the vegetation period around the value of 0.75 m. An excessive biomass of algae is the limiting factor for sunlight penetration in the lake, as shown by the highest amount of chlorophyll a (indicator of primary production, equal to 75.40 µg dm -3 ) that occurred simultaneously with the lowest water transparency (0.50 m) (Fig. 3) .
Taking into account the trophy indicators such as the summer measurements of nutrients concentrations (total nitrogen and phosphorus), chlorophyll a concentration, and Secchi disc visibility (Carpenter et al. 1998; Håkanson and Boulion 2001) (Carlson 1977; Kratzer and Brezonik 1981) .
Analysis of the point scale of TSI showed that Lake Rentyńskie is a hypertrophic reservoir or heavily degraded. Indexes calculated on basis of phosphorus concentrations and visibility exceeded the value of TSI 70. In the case of TSI(TN) and TSI(Chl) they were similar to 70 (Fig. 4) . With such high concentrations of phosphorus and organic matter there is no chance of any natural inhibition from such strong degradation of the reservoir, hence there exists a necessity for the application of protective measures and even recultivation for reducing the amount of phosphorus, and consequently lowering the size of primary production. It is certain that the highly advanced eutrophication processes in Lake Rentyńskie are stimulated by the excessive input of nutrients from the drainage basin, especially through the River Giłwa. The total catchment area of Lake Rentyńskie is 11820 ha, and the direct catchment area 166.2 ha. The largest part of the direct catchment area is covered by forests, which constitute up 74% (Fig. 5) . Other forms of land use in the immediate vicinity of the reservoir are: built-up areas (6%) and arable land (4%). The watershed draining indirectly to the lake is dominated by agricultural lands.
The average flow rate at the mouth of the River Giłwa to the analysed lake was 0.173 m s The data presented in Table 3 show that the total annual phosphorus and nitrogen load to Lake Rentyńskie, calculated according to GiercuszkiewiczBajtlik (1990) The hypertrophic state of Lake Rentyńskie is also confirmed by the international classification of OECD (1982) ( Table 2) . Repeatedly exceeded values for hypertrophy indicate that the reservoir is not able to "defend itself " against the products of their metabolic processes. . From a comparison between the actual phosphorus load and the values calculated according to Vollenweider (1976) it can be concluded that the loads not only exceed the allowable values by several times not only but also the critical values responsible for advanced eutrophication (Fig. 6) . Grochowska and Tandyrak (2010) who examined Lake Rentyńskie earlier (2008) described the reservoir as highly eutrophic. The present study of the lake confirmed the deterioration in the water quality. High nutrient loads from the drainage basin clearly illustrate the great need to apply protective actions that would diminish the external loading and improve recreational values. The study revealed that the major threat to the analysed lake is the River Giłwa which flows through the reservoir. The catchment of the River Giłwa (the section from the Unieszewo fishponds to Gietrzwałd) undergoes intensive agriculture usage. In order to reduce the nitrogen compound load introduced with the River Giłwa the following consecutive measures should be undertaken: elimination of root crops (such as potatoes, carrots, beets) that require multiple hoeing during the growing season and plants that require large amounts of fertilizers and plant protection (the type of cultivation was noted during the field study) for papilionaceous plants, avoidance of monocultures and arable land on slopes with a drop of more than 10‰, and plowing across the slope, which slows down runoff water and nutrients by up to 40 to 60%. The rational management of fertilizers can be practised by adjusting the doses of fertilizer to the nutritional needs of plants and adherence to the appropriate ratio of N:P:Kso as to achieve the most effective absorption of fertilizer, and the use of fertilizers on snow and frozen soil should be prohibited. Using manure is preferred, instead of mineral fertilizers. A technical solution is to set up a sediment-filter system in the riverbed in the form of filling sections. These devices, in the form of polypropylene and PCV moulders with a cross-current flow are characterized by the high activity with which growing micro-organisms on the biofilm can purify water on the basis of biological deposits. In addition, a sand-gravel filter with an activated chemistry sorbent should be built at a point before the river enters the lake. This could reduce the phosphorus load imported with water from the River Giłwa.
The proposed treatments would effectively eliminate the loads of pollutants that flow into the lake and would certainly bring about a highly positive outcome for the environment.
